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2,4-Dimethyl-6-hydroxyacetophenone oximeand 3,5-
dibromo-2,4-dimethyl-6-hydroxyacetophenone oxime
actasverygood reagents for the extraction and separation
ofCu(ll),Ni(ll),Co(ll), Fe(ill) andMn(ll).Addition ofdie-
thylamineas a synergist in the extraction system,not only
increases the per cent extraction of the metals but also the
molar absorbances of the complexes. The separation of
themetals from one another, viz.,Cuill) fromNi(IT),Cu(IT)
fromCo(ll) and Cu(ll) and Ni(ll) fromCr(ill) becomes far
more easier in the presence of diethylamine.
The study of o-hydroxyaryl ketones and their oximes
as analytical reagents has been confined chiefly to 0-
hydroxyacetophenone and its oxime!". We were in-
terested in investigating the potentials of substituted
o-hydroxyacetophenones and their oximes as analyt-
ical reagents and for this purpose we selected 2,4-
dimethyl-6-hydroxyacetophenone (reagent I), its ox-
ime (reagent II), 3,5-dibiomo-2,4-dimethyl-
6-hydroxyacetophenone (reagent III) and its oxime
(reagent IV) for the present study. It is found that rea-
gents II and IV are better metal extracting agents than
the parent ketones as well as unsubstituted 0-
hydroxyacetophenone oxime. The presence of die-
thylamine as a synergist enhances molar absorbances
as well as the extractions of metals such as Cu(II),
Ni(II), Co(II), Fe(III) and Mn{II).
Experimental
Reagents I and II were prepared from m-xylenoI6,7.
The new reagent III was prepared by reacting a
known amount of reagent I with the required amount
of Br2 in acetic acid medium at room temperature.
The crude product obtained from chloroform extract
was recrystallised from chloroform-pet. ether mix-
ture (1:5) to get white crystals (90% yield based on
reagent I), m.p. 123°C [found: C, 37.29; H, 3.15; Br,
49.70. Required for CIOHIOBr202: C, 37.30; H, 3.13;
Br, 49.63%]. The oxime ofthe compound was synthe-
sised by the usual proecedure b~ reacting reagent III
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with hydroxylamine hydrochloride. The compound
obtained from benzene extract was' recrystallised
from benzene-pet. ether mixture (1:10) to get white
crystals (88% yield based on reagent III, m.p. 13rC
[Found: C, 36.00; H, 3.55; Br, 46.93; N, 4.17. Re-
quired for <:!OHllBr202N: C, 35.63; H, 3.29; Br,
47.42; N, 4.15%].
A 1% stock solution of the reagent in ethanol was
used. The metal ion solutions were prepared by dis-
solving pure metals (purity 99.9%) in perchloric acid
and diluting by deionised water to obtain 1 mmol so-
lutions. A 25% aqueous diethylamine solution was
used. A 1.0 M sodium perchlorate solution was used
to adjust the ionic strength. Chloroform was used as
the solvent for extraction. All the chemicals used in
the extraction studies were of AR grade. Equipment
used were (a) Radiometer PHM 63 digital pH meter,
(b) Pye Unicam SP-8-100 spectrophotometer and (c)
Pye Unicam SP-8-1900 atomic absorption spectro-
photometer (AAS). An aliquot containing 1 ml (1
mmol) of the metal ion, 2.5 ml of the reagent, 2 ml of
the sodium perchlorate and 1ml of diethylamine was
taken and its pH adjusted to the required value with
sodium hydroxide. The metal complex was extracted
with 10 ml of chloroform. The metal content in the
aqueous and organic layer was determined by AAS.
The organic layer was taken up for spectrophotomet-
ric studies.
Results and discussion
Reagent I by itself is not much useful for extraction
of metals. Extraction of Cu(II), Ni(II), Co(II) and
Fe(III) using reagent I and diethylamine can be
achieved by triple extraction, i.e., extraction with
three successive lots of reagent I and diethylamine
dissolved in chloroform. Reagent I-diethylamine-
tartrate combination is useful for the separation of
Cu(II)fromNi(II).ReagentIformsonlyweakchelates
with metals but a fair degree of extraction is achieved
in the presence of diethylamine. This observation led
us to investigate the use of reagents II, III and IV in the
presence of diethylamine.
Use of reagent II in the presence of diethylamine
leads to marked increase in the molar absorbances.
The largest is for Ni(II), from 6200 to 9200 lit
mol= lcm-I and the least increase is for Cu(II), from
7300 to 7700 lit mol- lcm - I.There is no shift in Amax
in the case of Cu(II), Ni(II) and Fe(III) complexes, and
there is only a marginal shift of 6 nm in the cases of
Co(II) and Mn(II). These observations make us be-
lieve that there is no strong coordination of diethyla-
/'
mine to the metals. Use of the reagent along with die-
thylamine enhances the per cent extraction of all the
metals except Fe(lll).
The separation of Cu(II) from Ni(II) using tartrate
as masking agent is easier in the presence of diethyla-
mine (Table 1). Moreover, when diethylamine is used
much less tartrate is needed and-it also enables one to
- work with a wider range of pH, viz., 4.6 to 6.5. The
beneficial effect of diethylamine is even more striking
in the Cu/Co separation as this separation is not pos-
sible without the addition of diethylamine. It has been
observed that Cr(III) is not extracted by reagent II/
CHCI3. Therefore, separation ofNi(II)from Cr(llI)or
Cu(U) from Cr(III) is quite simple. Though Cr(IlI) is
not extracted, the extraction of Cu(II) or Ni(II) is sup-
pressed. This is an example of suppression of extrac-
tion", It could be due to the Cu(U) or Ni(IJ) complex
being adsorbed on the micelles of Cr(OH)3 or hy-
droxo complex of chromium with the ligand. Thus,
suppression of the extraction of Cu(II) or Ni(II) by
Cr(III) can be avoided by the addition of diethyla-
mine. When diethylamine is used, 98% of Cu(II) or
Ni(II) is extracted with a single extraction at pH 9.5-
10.0. Use of reagent III was investigated in the pres-
ence and absence of diethylamine. But it was found to
-be ineffective. However, as expected, the oxime of this
compound, i.e., reagent IV was found to be a better
reagent. As compared to reagent II, reagent IV
formed complexes having higher molar absorbances,
the largest increase of over 100 per cent occurring for
Fe( III) followed by Ni( II). It is to be noted that addition
of diethylamine is necessary for extraction of Cu(II)
with reagent IV. Reagent IV is quite comparable with
reagent II in the extraction of all the metals. In the se-
paration of Cu(II) from Ni(IJ), use of oxalate instead of
tartrate as masking agent gives better results (Table 1 ).
Reagent IV is a better reagent than II in the separation
Table I-Separation of copper(II) from nickel(II) using reagents
II and IV
pH a pH b pH c
extraction % extraction % extraction %
Cu(II) Ni(I1) Cu(II) Ni(II) Cu(IJ) Ni(lI)
8.0 96.0 nil 4.4 98.0 nil 4.1 35.0 nil
8.3 99.0 nil 4.6 100 nil 6.8 91.5 nil
8.5 100 nil 5.5 100 nil 7.5 100 nil
8.7 100 nil 6.0 100 nil 8.5 100 6.5
8.9 100 3 6.5 100 nil 9.5 100 21.0
9.5 100 27 7.0 100 ]5
(a) With reagent II and tartrate (500 mg), (b) with reagent II, die-
thylamine and tartrate (10 rng), (c) with reagent IV, diethylamine
and sodium oxalate (50 mg).
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of Ni(II) from Cu(ll) (i.e. when nickel complex has to
be extracted into organic layer) in the presence of thi-
osulphate as the masking agent for Cu(II). The com-
plexes of reagents II and IV with Cu(II), Ni(II), Co(II)
and Fe(III) obey. Beer's law. So these reagents can be
used for extraction-photometric determination of the
metals.
There is no quantitative relationship between the
percent extraction of copper (as a stable complex) and
the proportion of the diethylamine used. We cannot,
therefore, assume a strong coordination of the die-
thylamine molecules with the copper. If a metal M is
extracted both as the complex MA,. (A being an anion
ofa reagent HA) and as the complex MA,.By (B being a
solvent or other neutral species which brings about
synergistic extraction of M), then the distribution co-
efficient would be given by
where K' is the composite extraction constant. The
term synergismv'? describes the increase in extracta-
bility which a mixture of complexing agents (or sol-
vents) produces, the enhancement being more than
that accounted for by the effect of the individual rea-
gents or solvents as determined separately. As we
were unable to isolate any adduct in a pure form, na-
ture of the synergistic adduct cannot be specifically
indicated. However, it can be presumed that diethyla-
mine renders an aquometal-reagent II or IV complex
less hydrophillic by getting substituted in the place of
water molecules 11.12. The reagent II along with die-
thylamine was found to be useful in the estimation of
copper by extraction photometry in the following
samples: Si-Al alloy of NML (reported 0.295%,
found 0.293%); zinc concentrate of NBS (reported
0.132%,found 0.130%) and 85-a-aluminium alloy of
NBS (reported 2.48%, found 2.45%).
Thus, it can be concluded that reagents II and IV
are very good metal complexing agents and can be
used for separation and extraction photometric de-
termination of metals. Reagent IV is useful in separat-
ing Ni from Cu in the presence of thiosulphate as
masking agent whereas reagent II is not useful in this
separation. Addition of diethylamine enhances the
extraction of metals with these reagents and for the
extraction of copper II with reagent IV, addition of
diethylamine is essential. Similarly, reagent II does
not help in separation of Cu from Co without diethyl-
amine. Diethylamine also minimises the suppressive
effect of chromium III. If diethylamine is used, rea-
gent IIgives still higher molar absorbances and the ad-
vantage vis-a-vis unsubstituted o-hydroxyacetophe-
none"? is more marked.
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